Bu 4 ]Cl results in nucleophilic attack at the coordinated organic ligand but not at the expected metal-bound carbon atom. Instead, trans-[ Ru(C≡C-C 6 H 2 -2,5-R 2 -4-CCl=CH 2 )Cl(dppm) 2 ] was generated which, when coupled with DFT calculations, provides evidence for an intermediate quinoidal cumulene complex. Transition metal cumulene complexes, [M]=C=(C)n=CR2, hold considerable synthetic and structural interest inherently associated with their extended, unsaturated carbon-rich ligand, and from applications as intermediates in the synthetic transformations of alkynes and polyynes. 1 Most typically, rearrangement of an alkyne (or polyyne) within the coordination sphere of a suitable metal fragment leads to the formation of the carbene-like ligand. Charge alternation along the backbone of the cumulene ligand results in facile electrophilic and nucleophilic attack at the even-and odd-numbered carbon atoms of the chain, respectively. 2 Although shorter cumulenes, such as vinylidenes (n = 0), allenylidenes (n = 1) and butatrienylidenes (n = 2), are readily available, examples of complexes containing longer members of this series are rare. 3
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Most typically, rearrangement of an alkyne (or polyyne) within the coordination sphere of a suitable metal fragment leads to the formation of the carbene-like ligand. Charge alternation along the backbone of the cumulene ligand results in facile electrophilic and nucleophilic attack at the even-and odd-numbered carbon atoms of the chain, respectively. 2 Although shorter cumulenes, such as vinylidenes (n = 0), allenylidenes (n = 1) and butatrienylidenes (n = 2), are readily available, examples of complexes containing longer members of this series are rare. 3 Furthermore, for reasons of synthetic convenience, it appears that extended cumulene ligands with odd numbers of carbon atoms are more readily accessible than those with an even number.3 a,b For example, whilst a heptahexaenylidene (n = 5) 4 has been isolated (albeit stabilised with two dimethylamino-substituents), the existence of a hexapentaenylidene (n = 4) 5 complex has only been inferred from isolation of addition products.
In a recent study, Re has probed the butadiyne to butatrienylidene isomerisation mediated by a half-sandwich ruthenium complex. 6 (1) (6) Although the kinetic barriers for attack by Clat C(1) in [1a] + and C (7) in [2a] + appear to be broadly similar and relatively low it is clear that the formation of [6a] is thermodynamically preferred as this complex lies 129 kJ mol -1 lower in energy than [1a] + with free chloride anion, and 105 kJ mol -1 lower in energy than [7a] . Indeed, the free energy of formation of [7a] is only favourable by 14 kJ mol -1 when compared to [1a] + and free chloride (shown as a dotted line in Figure 2 ) and given that the transit scan shows that the greatest barrier to in solution, but that there is a significant thermodynamic preference for nucleophilic attack at the coordinated quinoidal cummulene ligand. The nature of the products obtained from these reactions support these suggestions. In considering the scope of the vinylidene / cumulene rearrangement, it is interesting to note that Markovnikov addition of HBr to the pendant alkyne in [Mn(=C=CH-C6H4-C≡CH)(CO)2Cp] has also been observed, although at that time no quinoidal cumulene was implicated in the process. 10 In summary, we have obtained mechanistic evidence for the participation of an extended even-numbered cumulene ligand which promotes facile nucleophilic attack onto a coordinated organic ligand.
At present, work in our groups is underway to explore the effects of other aromatic and heterocyclic moieties as conjugated spacers to support extended cumulated ligand structures, and investigate dipolar additions to these extended carbon-rich, unsaturated ligands.
